Background-How hepatitis C virus (HCV) affects coronary heart disease (CHD) risk factors and outcomes is largely unknown.
Approximately 4 million Americans are estimated to have been infected with hepatitis C virus (HCV) and the majority of those infected are currently in their 4th and 5th decades of life. 1 As individuals with HCV begin to age, they will inevitably face common comorbidities such as cardiovascular diseases. It is unknown how infection with HCVaffects coronary heart disease (CHD) progression and outcomes.
Infectious etiologies have been hypothesized to contribute to the inflammatory cascade leading to atherosclerosis. 2 Some studies have found cross-sectional associations between HCV and cardiomyopathies, 3, 4 coronary atherosclerosis, [5] [6] [7] carotid artery plaque, 8, 9 and increased pulse wave velocity, 10 although not all studies support these findings. [11] [12] [13] [14] [15] A recent epidemiologic study showed that HCV-seropositive blood donors had higher rates of cardiovascular mortality compared to uninfected donors. 16 Furthermore, HCV infection is recognized to cause chronic immune stimulation, leading to an inflammatory response and cytokine production. 17 These altered cytokine profiles observed in the setting of chronic HCV could potentially lead to adverse cardiovascular outcomes. 18 Based on these prior findings, we conducted this study to explore the relationship between HCV seropositivity and inflammatory markers and clinical outcomes among individuals with established CHD. We hypothesized that HCV-seropositive participants might be distinguished by different levels of inflammatory markers and increased risk for subsequent CHD events.
Methods

Study Participants
The Heart and Soul study is an ongoing prospective cohort study designed to determine how psychosocial factors influence disease progression in persons with coronary disease. Methods have been described in depth previously. 19, 20 In brief, administrative databases were used to identify outpatients with documented CHD at two Department of Veterans Affairs Medical Centers (San Francisco and Palo Alto), 1 university medical center (University of California, San Francisco), and 9 public health clinics in the Community Health Network of San Francisco. Patients were eligible to participate if they had known CHD documented by at least 1 of the following: a history of myocardial infarction (MI), angiographic evidence of ≥50% stenosis in one or more coronary vessels, prior evidence of inducible ischemia by treadmill or nuclear testing, or a history of coronary revascularization. Between September 2000 and December 2002, 1024 participants were enrolled and attended a baseline study appointment that included a medical history interview, a physical examination, and a comprehensive health status questionnaire, as well as blood draw for serum and plasma samples. This study cohort was restricted to 981 participants with HCV antibody test results. HCV serostatus was determined from documentation of a prior positive HCV antibody test in the patient's medical record (n =27), or if no evidence of prior testing existed, from testing baseline serum samples (n =964) using a 3rd-generation anti-HCV immunoassay (Johnson & Johnson's Vitros Anti-HCV Assay). Results were reported as positive, negative, or indeterminate as recommended by Centers for Disease Control and Prevention guidelines. 21 Indeterminate results were excluded from the analysis (n =10).
Measurement of Inflammatory Markers
Participants were instructed to fast for 12 hours (except for medications), not to take aspirin for 1 week, and not to smoke for 5 hours before their study appointment. Venous blood samples were obtained, and plasma and serum samples were stored at −70°C until the time of the assay. Laboratory technicians who assayed the inflammatory markers were blinded to clinical characteristics. We used the Roche Integra high-sensitivity assay to measure C-reactive protein (CRP) in 229 participants and (because of a change in lab protocol) the Beckman Extended Range high-sensitivity CRP assay to measure CRP in the remaining 756 participants. Serum fibrinogen levels were determined by the Clauss assay. 22 We used the R&D Systems (Minneapolis, MN) Quantikine HS IL-6 immunoassay to determine the concentration of interleukin (IL)-6. We used the Human Serum Adipokine Panel B LINCOplex Kit (Linco Research, Inc., St. Charles, MO) to measure tumor necrosis factor (TNF)-α.
Longitudinal Outcome Measures
We examined the following outcomes: all-cause mortality; cardiovascular (CV) events defined as CHD death, MI, or stroke; and heart failure (HF). We conducted annual telephone followup interviews with participants (or their proxy) and asked about death or hospitalization for "heart trouble." For any reported event, medical records, electrocardiograms, death certificates, and coroner's reports were retrieved and reviewed by 2 independent and blinded adjudicators. If the adjudicators agreed on the outcome classification, their classification was binding. In the event of disagreement, consultation from a third blinded adjudicator was performed. All-cause mortality was determined by review of death certificates. Nonfatal MI was defined using the American Heart Association diagnostic criteria. 23 A CHD death was defined as a death occurring during the same hospitalization in which an acute MI was documented or a death occurring within 1 hour of the onset of terminal symptoms not explained by other etiologies. Stroke was defined as a new neurologic deficit not known to be secondary to brain trauma, tumor, infection, or other cause. An HF event was based on Framingham criteria and defined as hospitalization for a clinical syndrome involving at least 2 of the following: paroxysmal nocturnal dyspnea, orthopnea, elevated jugular venous pressure, pulmonary rales, third heart sound, and cardiomegaly or pulmonary edema on chest radiography. 24 
Other Covariates
We examined the following characteristics as potential confounding variables: age, gender, race (white vs. non-white), education status (high school vs. non-high school graduate), body mass index (BMI), being physically active, current smoking, regular alcohol use (>4 drinks per week), recent (past year) illicit drug use, diabetes, hypertension, HIV, total cholesterol, high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), triglycerides, systolic and diastolic blood pressure, and use of 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins), aspirin, β-blockers, angiotensin-converting enzyme (ACE) inhibitors, or angiotensin II receptor blockers (ARBs). Data on age, race/ethnicity, education, physical activity level, smoking status, alcohol use, illicit drug use, and medical comorbidities were determined by participant self-report. Study personnel recorded use of all medications at baseline study visit. Medication categories were categorized using Epocrates Rx (San Mateo, CA). Serum cholesterol was measured from fasting venous blood samples.
Statistical Analysis
We examined differences in demographic and clinical variables between HCV seropositive and seronegative participants using t-tests for continuous variables and chi-squared tests for categorical variables. We compared the adjusted means of inflammatory markers and cholesterol of HCV-seropositive and HCV-seronegative participants, using linear regression to adjust for age, sex, race, smoking, BMI, diabetes, hypertension, HIV, drug use, physical activity, aspirin, statin, β-blocker and ACE inhibitor/ARB use. These covariates were chosen on the basis of literature review and significant associations with HCV status observed in univariate analysis. All inflammatory marker values, except for fibrinogen, were transformed for analysis using natural logarithm because of highly skewed data, and were back transformed for presentation of results. For cholesterol, we experimented with log transforming to account for more mild skewness in the data, but found that results were similar; we chose therefore to use non-transformed variables in the analyses.
To compare the risk of outcomes among anti-HCV-positive and negative participants, we compared age-adjusted incidence rates using Poisson regression and constructed Cox proportional hazards models for each outcome: all-cause death; CV events; and HF events. For our Cox proportional hazards models, we adjusted for age, sex, race, smoking, BMI, HIV, diabetes, hypertension, physical activity, illicit drug use, statin use, aspirin use, β-blocker use, ACE inhibitor/ARB use, total cholesterol, HDL, log CRP, fibrinogen, log IL-6, and log TNF-α. We adjusted sequentially for demographic variables, clinical variables, and inflammatory markers. To avoid overfitting the model, we used a stepwise backward selection procedure for covariates, retaining all demographic variables in each model. Other covariates were retained in the adjusted models if they had either a P <.2 for the outcome, or if their inclusion in the model caused the parameter estimate for HCV to change by more than 5%. Cox models were created for each outcome; additionally, to differentiate whether HCV was associated with new cases of HF vs. HF exacerbations, we excluded participants with preexisting diagnoses of HF and reran models examining HF events. Cox models were checked for violation of the proportional hazards assumption by assessing log-minus-log survival plots for patterns of nonproportionality and performing the Schoenfeld test. All statistical analyses were conducted using Stata 8.2 (Stata Corporation, College Station, TX).
Results
Of the 981 participants with CHD, 84 (8.6%) were seropositive for HCV. HCV -seropositive participants were younger, had lower BMI, and were more likely to be current smokers and to have recently used illicit drugs (Table 1) . HCV-seropositive participants were also more likely to be HIV positive, although the proportion was still relatively low (n =8 or 10%). There were significant differences in the receipt of CHD treatments: HCV-seropositive participants were less likely to be taking statins, aspirin, β-blockers, ACE inhibitors, or ARBs than seronegative participants. There was no difference in the prevalence of diabetes or in measured blood pressure or resting left ventricular ejection fraction between the groups at baseline.
At baseline, patients with HCV had lower levels of fibrinogen and higher levels of TNF-α (Table 2) . They also tended to have lower levels of HDL, but this finding was not statistically significant. After adjustment for age and other covariates, including statin use (which was substantially lower in HCV seropositive patients), we found that participants with HCV had significantly lower levels of all lipid measures. There were also differences in levels of inflammatory markers: adjusted mean levels of CRP and fibrinogen were lower, whereas TNF-α levels were significantly higher for HCV seropositive participants.
Data on follow-up outcomes were available for 970 participants (11 lost to follow-up), and the mean follow-up was 4.1 years (range, 0.1-6.1 years). There were 182 deaths (161 HCV−, 21 HCV+), 151 CV events (137 HCV−, 14 HCV+), and 119 HF hospitalizations (103 HCV−, 16 HCV+) in the follow-up period. Age-adjusted incidence rates were higher among HCVseropositive participants for all outcomes (Fig 1) . Specific rates for HCV-seropositive vs. seronegative patients were as follows: for death, 93 vs. 42 (P <.01); for CV events 62 vs. 40 (P = .13); for HF hospitalizations 76 vs. 29 (P <.01).
To assess whether HCV seropositivity was associated with risk for clinical outcomes independent of other risk factors, we performed Cox-proportional hazards models, adjusting for age, clinical CVD risk factors, and inflammatory markers in a sequential fashion. Adjusting for age, sex, and race, we observed that HCV seropositivity was associated with a greater than 2-fold risk for death and HF hospitalizations, as well as an 80% increased risk for CV events (Table 3) . After adjusting for other clinical variables, HCV remained associated with a 50% increase in risk of death and CV events, although the associations were no longer significant. The association of HCV with HF, however, remained 2-fold and significant. Further adjustment for inflammatory markers had little effect on point estimates and P values of results. After excluding participants with a preexisting diagnosis of HF, the association between HCV and HF hospitalizations remained significant (fully adjusted HR =2.25; 95% CI: 1.02-4.97; P = . 04)
Discussion
Among this cohort with CHD, we found HCV seropositivity to be associated with lower lipids, CRP and fibrinogen levels, and higher levels of IL-6 and TNF-α. Despite lower levels of LDL and CRP, HCV-seropositive participants experienced higher rates of death, CV events, and HF hospitalizations over time. After adjusting for risk factors, treatment differences, and inflammatory markers, HCV-seropositive participants still had a statistically significant 2-fold increase in risk of HF hospitalizations and a 50% elevated risk of death and CV events that did not reach statistical significance. This is the first study to our knowledge to compare clinical outcomes by HCV serostatus in a cohort with CHD. Our finding that HCV is associated with HF hospitalizations is novel and warrants future investigation. A possible explanation for increased HF hospitalizations could be a higher incidence of cardiomyopathies or myocarditis among participants with HCV. Some studies, primarily from Japan, have noted a high prevalence of HCV infection among patients with cardiomyopathies and myocarditis, 3, 4 although other studies have not confirmed this association. 14, 15 A study of mice transgenic for the HCV core gene found increased development of cardiomyopathy, as evidenced by Doppler echocardiography and histologic changes. 25 Although HCV-seropositive participants in our study had similar baseline resting ejection fractions to seronegative participants, their ventricular function may have worsened over time. Another possibility is that HCV could be associated with progressive vascular changes because HCV seropositivity has been associated with accelerated coronary vasculopathy and decreased survival in heart transplant recipients. 26, 27 Also, inflammatory markers IL-6 and TNF-α have been associated with HF severity and outcomes, [28] [29] [30] [31] and our study did find higher levels of TNF-α in HCV-seropositive participants, as has been previously reported. [32] [33] [34] [35] However, adjustment for inflammatory markers did not attenuate the association between HCV and HF in this study, and therefore they do not appear to mediate the association. Another explanation could be that HCV is a marker for other variables that we did not adequately control for such as adherence, quality of care, or social factors that could influence hospitalization. Finally, side effects of chronic HCV such as fatigue or depression could lead to worsened symptoms of HF leading to hospitalization.
Our finding that HCV-seropositive participants had significantly different levels of lipids from HCV-seronegative participants is consistent with most prior research. Several moderately sized clinical studies have also demonstrated that patients with HCV have lower total cholesterol, 36,37 HDL, and LDL 38 compared with healthy controls, and results have been confirmed in population-based studies as well. 39 The finding of lower adjusted CRP and fibrinogen levels is also supported by some prior research. One recent study of HIV-infected patients also found that HCV was associated with significantly lower CRP levels. 40 Another study of patients with chronic HCV demonstrated that CRP levels were lower than healthy controls and levels did not rise after treatment with interferon alpha-2b. 41 Because CRP is synthesized by the liver, there is also biological plausibility to this finding. Physicians may want to use caution when interpreting CRP levels among patients with HCV infection, as standard cutoff ranges may not apply to this special population. We found only one relatively small study that examined fibrinogen in persons with and without HCV and it did not find a significant difference. 38 There are several important limitations of this study. This study used HCV antibody status rather than HCV RNA testing, which would more accurately characterize whether participants had chronic HCV. However, prior research has shown that the great majority (approximately 80%) of individuals with a positive HCV serology will have chronic infection. 1 Furthermore, incorrectly labeling HCV status should have the effect of biasing our results to the null, thus strengthening our positive findings. We did not have information HCV viral genotype or histologic data to determine stage of liver disease. We also did not have data on HCV treatment which is known to effect cholesterol levels and inflammatory markers; however, given that this was a population of predominantly older patients with preexisting heart disease, it seems unlikely that many participants would be actively undergoing HCV treatment at the time of this study. Finally, we examined HF hospitalizations, rather than true incident HF. However, when we excluded individuals who were diagnosed with HF at baseline, we found that HCV was still associated with HF hospitalizations (presumably representing new cases of HF), although we did not have echocardiography data during hospitalizations to confirm.
In conclusion, among this cohort with established CHD, we found that HCV-seropositive participants had higher rates of death, CV events, and HF hospitalizations over time, despite lower cholesterol and CRP levels. After adjustment for other factors, HCV seropositivity remained independently associated with risk for HF hospitalizations, and this was true when excluding participants with a preexisting diagnosis of HF. Levels of CRP, fibrinogen, IL-6, and TNF-α did not appear to mediate the association between HCV and HF, so other causal pathways must be evoked. Further research is needed to confirm these results and explore mechanisms through which HCV might impact risk for cardiovascular disease and disease outcomes. Age-adjusted incidence of outcomes by hepatitis C virus status. .02
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; BMI, body mass index; CRP, C-reactive protein; CV, cardiovascular; HDL, high-density lipoprotein; HF, heart failure; HR, heart rate; HIV, human immunodeficiency virus; IL, interleukin; MI, myocardial infarction; TNF, tumor necrosis factor. * Age, sex, and race. † Retained covariates are as follows: 1) for death: smoking, drug abuse, HIV, BMI, diabetes, physical activity, statin, and ACE inhibitor/ARB use; 2) for CV outcomes: smoking, diabetes, hypertension, physical activity, statin use, ACE inhibitor/ARB use, total cholesterol, and HDL; 3) for HF hospitalizations: smoking, BMI, physical activity, diabetes, statin use, aspirin use, ACE inhibitor/ARB use. ‡ Retained covariates are as follows: 1) for death: CRP and IL-6 2) for CV outcomes: CRP and IL-6 3) for HF hospitalizations: CRP, IL-6 and TNF-α.
